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ABSTRACT 

Introduction: Recently, analyses of large heterogeneous databases have suggested that there are no differences whether 
“lipid panels” are drawn in the fed or fasted state, even in diabetic individuals. Whether this is true for individual dia- 
betic patients is unknown. Methods: We studied eight type 2 diabetic individuals and measured serial lipid panels to 
determine the effect of a large lunch meal. A “Big Mac” equivalent meal was fed to each volunteer and blood for lipid 
assays was obtained at baseline and hourly for five hours following the meal. Results: The meal induced a significant 
elevation of glucose, insulin, and c-peptide in each volunteer. In addition, the following lipid parameters significantly 
changed from baseline concentration during the meal: total cholesterol, non-HDL cholesterol, LDL-cholesterol and 
triglycerides. Furthermore, the timing of the blood draw post meal also was a determinant of the lipid concentration. No 
significant concentration change occurred in HDL-cholesterol. Conclusions: In type 2 diabetic patients, lipid panels 
should be drawn in the fasting state unless the only lipid parameter of interest is HDL-cholesterol. 
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1. Introduction 

Because cardiovascular disease is the primary cause of 
death in patients with diabetes, close monitoring (and 
often treatment) of lipids is paramount to minimizing risk. 
Current treatment guidelines with statins rely on meas- 
ured levels of LDL cholesterol and treatment with fi- 
brates depends upon monitoring levels of triglycerides. 
In addition, an assessment of “cardiovascular risk” de- 
pends on levels of HDL cholesterol and non HDL cho- 
lesterol [1]. Therefore, accurate lipid profile data are vital 
to providing “best practice” care for diabetic individuals. 
For this reason, the American Diabetes Association re- 
commends that lipid profiles be obtained in the fasting 
state [2]. However, there are no individual studies in the 
literature to support this statement. In addition, a fasting 
state may be difficult for diabetic patients to maintain in 
rural areas because of long distances that must be trav- 
eled to obtain medical care and the ever present threat of 
hypoglycemia as a consequence of diabetes therapy. 

Recently, statements have been made in the medical 
literature that lipid profiles are similar whether per- 
formed in the fed or fasted state. In the largest database 
examined which includes 112 prospective studies and 

302,430 individuals, there is no difference in the lipid 
values between samples obtained in the fed or fasted 
state [3]. This is also true for a diabetes database when an 
overall risk assessment is examined [4]. These data ob-
scure the risk assessment of individual diabetic patients 
following a meal. Therefore, we explore the effect of 
feeding a large, high carbohydrate, high fat lunch on 
standard lipid parameters in type 2 diabetic individuals.  

2. Methods 

Eight subjects with type 2 diabetes treated with diet plus 
a maximum of two oral diabetes medications were stud- 
ied. Subjects were healthy without significant hyperlipi- 
demia (i.e., serum LDL > 160 mg/dL or serum triglyc- 
erides > 300 mg/dL). Each person had a hemoglobin 
A1C < 9%, a c-peptide stimulation test of at least 6 
ng/mL following a Sustecal challenge (Mead Johnson, 
Evansville, IN), and normal hematological and chemistry 
profile values. The study protocol was approved by the 
UNM Human Research Review Committee and all vol- 
unteers gave written informed consent prior to participa- 
tion. The data were derived from an ongoing larger study 
of vitamin C in diabetes [5]. 
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On the day of study, all antidiabetic medications were 
withheld. At 8:00 am in the morning, all participants 
were given a bagel with cream cheese (to prevent hypo- 
glycemia before lunch). A continuous intravenous infu- 
sion of regular insulin was administered for several hours 
to achieve euglycemia. Approximately five hours later, 
when blood glucose was being maintained between 80 
and 120 mg/dl, the insulin was stopped, and a new 
catheter placed in the contralateral arm. One hour later 
(i.e. after approximately six hours of fasting), the par- 
ticipant was fed a high caloric meal equivalent to 
McDonald’s® Big Mac meal and milk shake containing 
1539 kcal [6]. Arterialized venous blood was drawn for 
analysis twice before the meal and hourly during the 5 
hours post meal. A lunch test meal was chosen for two 
reasons. First, for the purpose of circumventing the insu- 
lin resistance variably induced by the Dawn phenomenon 
at breakfast [7] and second, because a diabetic patient 
coming from a significant distance for medical care 
would frequently ingest lunch before an afternoon blood 
draw. 

All blood samples were processed immediately and 
frozen at −70 degrees centigrade until assay. Plasma glu- 
cose was determined with the ACE glucose assay from 
Alfa Wassermann Diagnostic Technologies, LLC (West 
Caldwell, NJ) [8]. Plasma insulin was measured with a 
chemiluminescent assay from Diagnostic Products (Los 
Angeles, CA) [9]. Plasma triglycerides and cholesterol 
were assayed colorimetrically with ACE reagents from 
Alfa Wassermann (West Caldwell, NJ) [10,11]. HDL 
cholesterol was measured utilizing a kit from Alfa Was- 
sermann (West Caldwell, NJ). Non HDL cholesterol was 
calculated from total cholesterol minus HDL cholesterol. 
LDL-cholesterol was calculated utilizing the Friedewald 
equation (total cholesterol minus HDL-cholesterol minus 
triglycerides divided by five) [12]. Data were analyzed 
utilizing an analysis of variance for repeated measures 
[13]. Tukey-Kramer Multiple Comparison Test was util- 
ized for post hoc testing as recommended [14]. 

3. Results 

As shown in Table 1, plasma glucose rose to hypergly- 
cemic levels following the ingestion of the meal. En- 
dogenous insulin and c-peptide also became elevated but 
not sufficiently to prevent hyperglycemia. Plasma lipids 
demonstrated a variable response. No significant change 
was observed for HDL cholesterol. A significant increase 
was observed for triglycerides throughout the post meal 
period. In contrast, a significant decrease was observed 
for total cholesterol, non HDL cholesterol, and LDL 
cholesterol. 

Individual lipid data for triglycerides and LDL-cho- 
lesterol are shown in Figure 1. The Big Mac meal altered 
these lipid parameters in all eight diabetic volunteers to  

 

Figure 1. The changes in triglycerides and LDL-cholesterol 
following a meal in type 2 diabetic individuals. Changes 
(compared to the baseline at 0 time) were observed in all 
volunteers, although the pattern of lipid changes was vari- 
able. The hypertriglyceride response for volunteer #2 (open 
squares) demonstrates the difficulty of calculating an accu- 
rate LDL cholesterol concentration using the Freidewald 
Equation (12). 
 
varying degrees (indicating that this effect is very com- 
mon in type 2 diabetes). Of interest is the hypertriglyc- 
eride response of volunteer #2 (open squares). Since the 
triglyceride concentration is used in the formula to cal- 
culate the LDL-cholesterol, unrealistic values of LDL- 
cholesterol are obtained as shown in the bottom panel of 
Figure 1. However, even if this individual’s data are 
removed from the calculation, a significant meal induced 
change was still observed for both triglyceride and LDL- 
cholesterol as shown in Table 1 (seven subjects as indi- 
cated). 

Of particular interest was the observation that the 
change in each volunteers’ concentration of triglycerides 
and LDL-cholesterol depended on the period of time post 
meal (Figure 1). For triglycerides, some individuals de- 
monstrated a transient increase followed by a decrease 
whereas other individuals demonstrated a continuous in- 
crease in concentration. For LDL cholesterol, just the 
opposite response was observed. This observation would 
suggest that there is no set time period post meal that a 
predictable change in triglyceride or LDL-cholesterol 
could be predicted.  
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Table 1. Changes following a high fat/high carbohydrate meal. 

Time of draw n −15 min 0 hr 1 hr 2 hr 3 hr 4 hr 5 hr 

Analyte 

Glucose 
(mg/dL) 

8 
92 ± 8 

(76.8 to 107) 
94 ± 7 

(79.1 to 108)
233 ± 18** 

(188 to 258) 
250 ± 23** 

(206 to 295) 
234 ± 29** 

(178 to 290) 
216 ± 25** 

(167 to 265) 
177 ± 19** 

(140 to 214) 

Insulin 
(micro IU/ml) 

8 
50 ± 17 

(17.1 to 82.4) 
44 ± 17 

(10.7 to 77.6)
96 ± 25 

(47.3 to 145)
136 ± 40** 

(57.4 to 214)
149 ± 43** 

(65.3 to 232)
145 ± 36** 

(75.0 to 216) 
117 ± 32* 

(53.1 to 180)

C-Peptide 
(ng/mL) 

8 
3.3 ± 0.5 

(2.2 to 4.3) 
3.1 ± 0.05 
(2.1 to 4.1) 

8.5 ± 1.3** 

(6.0 to 11.0) 
11.2 ± 0.9** 
(9.5 to 13.0) 

11.9 ± 0.8** 
(10.4 to 13.3)

12.1 ± 0.5** 
(11.1 to 13.0) 

9.5 ± 0.9** 
(7.8 to 11.1) 

Total Chol. 
(mg/dL) 

8 
170 ± 8 

(155 to 184) 
171 ± 6 

(158 to 183) 
167 ± 7 

(152 to 181) 
165 ± 8 

(150 to 180) 
164 ± 7* 

(150 to 177) 
164 ± 6* 

(153 to 175) 
166 ± 7 

(153 to 179) 

Non-HDL Chol. 
(mg/dL) 

8 
135 ± 7 

(122 to 148) 
136 ± 6 

(124 to 147) 
132 ± 7 

(120 to 145) 
131 ± 7 

(118 to 145) 
129 ± 6 

(118 to 140) 
130 ± 4 

(121 to 138) 
131 ± 6 

(120 to 142) 

LDL Chol. 
(mg/dL) 

8 
97 ± 10 

(78 to 116) 
98 ± 9 

(80 to 116) 
87 ± 9* 

(69 to 105) 
83 ± 11** 

(62 to 104) 
77 ± 12** 

(54 to 100) 
77 ± 12** 

(54 to 100) 
80 ± 12** 

(56 to 104) 

LDL Chol. 
(mg/dL) 

7 
103 ± 8 

(87 to 120) 
104 ± 8 

(88 to 119) 
93 ± 8* 

(77 to 108) 
92 ± 8** 

(77 to 107) 
87 ± 8** 

(71 to 102) 
87 ± 8 

(72 to 101) 
90 ± 9** 

(70 to 108) 

HDL Chol. 
(mg/dL) 

8 
35 ± 2 

(30.2 to 240) 
35 ± 2 

(30.8 to 39.5)
34 ± 2 

(29.3 to 38.7)
34 ± 2 

(29.5 to 38.0)
35 ± 2 

(30.1 to 39.6)
34 ± 2 

(29.5 to 38.7) 
35 ± 2 

(30.4 to 39.4)

Triglycerides 
(mg/dL) 

8 
189 ± 26 

(138 to 240) 
190 ± 27 

(138 to 242) 
227 ± 22 

(183 to 271) 
247 ± 31* 

(187 to 307) 
255 ± 42* 

(173 to 337) 
263 ± 43** 

(180 to 346) 
256 ± 44* 

(170 to 342) 

Triglycerides 
(mg/dL) 

7 
179 ± 28 

(125 to 233) 
180 ± 28 

(125 to 236) 
220 ± 24** 

(172 to 267) 
226 ± 26** 

(176 to 276) 
223 ± 30** 

(163 to 282) 
230 ± 30** 

(171 to 289) 
225 ± 36** 

(154 to 297) 

Means are given ± SEM; *Statistically significant at p < 0.05 when compared to baseline (0 hr); **Statistically significant at P < 0.01 when compared to baseline 
(0 hr); Parentheses are 95% Confidence Intervals. The shaded rows are calculated minus volunteer #2 as shown in Figure 1. 

 
4. Conclusions 

Obtaining valid lipid values in patients with diabetes is 
critical to achieving lipid goals and adjusting anti- 
hyperlipidemic therapy.  

To achieve this end, it is customary to order a lipid 
profile which usually includes total cholesterol, HDL 
cholesterol, triglycerides, and a calculated LDL-choles- 
terol. From these values non HDL cholesterol can be 
calculated plus various lipid ratios. Traditionally, these 
are done in the fasting state although recent published 
data suggest that this restriction may not be necessary [4]. 
Although a fasting sample is preferred, this can be prob- 
lematic for many diabetic patients either because they 
need to treat hypoglycemia or they must travel signifi- 
cant distances to obtain medical care. 

As reviewed by Mora, studies in non-diabetic indi- 
viduals reveal minimally if there are any changes in lipid 
profiles except for triglycerides [15]. However, data ob- 
tained from non-diabetic individuals concerning the ef- 
fects of “fed versus fasting” on the lipid profile cannot be 
applied to the diabetic individual. The reason for this 
limitation is that in contrast to non-diabetes, the diabetic 
individual often becomes hyperglycemic and hyperinsu- 
linemic after a meal. Both of these bioactive molecules 
have major effects on lipid metabolism. In addition, our 
data indicate that there is no specific time after a meal in 
which lipid values are predictable for all individuals. 

Thus, our study strongly suggests that blood samples drawn 
in the non-fasting state are very difficult to interpret. 

A potential limitation of our study is the fact that we 
have studied only eight individuals. However, as is shown 
in Figure 1, all eight diabetic volunteers exhibited chan- 
ges in their lipid panels post meal. Therefore, even if we 
had studied many more diabetic volunteers, many if not 
all of these individuals would also have meal induced 
changes in their lipid profile. Another limitation is that 
the magnitude of the lipid changes that we observed 
would likely be less if we had fed a smaller meal. How- 
ever, there is no way that a physician can be certain of 
the number of calories his/her patient consumes or what 
the rate of gastric emptying is. Patients frequently under- 
estimate the amount of food that they consume [16]. 

Non fasting lipid panels may be appropriate for as- 
sessment of risk in population studies in which food in- 
duced changes may be obscured by the heterogeneity 
inherent in these types of studies [3,4,14]. However, our 
results suggest that most lipid parameters are signifi- 
cantly altered by the fed state in individuals with diabetes. 
Furthermore, if LDL cholesterol or triglyceride levels are 
being monitored for assessment of statin or fibrate ther- 
apy, an accurate assessment of lipid concentration is es- 
sential. If, as is currently recommended, non HDL cho- 
lesterol is being measured to assess individual cardio- 
vascular risk; a fasting sample should be obtained. The 
fact that significant lipid changes occurred in our limited 
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population of eight diabetic volunteers indicates that food 
induces changes in lipids is very common in type 2 dia- 
betes. Our data also suggest that undisclosed food intake 
may account for some of the variability in lipid panel 
measurements in individual patients between medical 
visits. Whether the same results would be observed in 
type 1 diabetes will require further study. 
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